Snapping shrimps in the genus Synalpheus form a prominent component of the diverse cryptofauna that abounds within the interstices of tropical reefs. With over 100 species worldwide (Chace, 1989) , and 30 presently recognized from the Caribbean (Dardeau, 1984) , Synalpheus is also among the most diverse genera of crustaceans. Many of its species regularly associate with sessile invertebrates, and the members of Coutikre's (1909) gambarelloides (formerly laevimanus) species-group, in particular, are mostly obligate associates of living sponges (Dardeau, 1984; Duffy, 1992) . A recent study (Duffy, in press a) showed that morphologically similar populations inhabiting different sponge hosts represent genetically distinct biological species, thus raising the possibility that these sponge-dwelling shrimp may be both considerably more diverse, and more ecologically specialized, than presently recognized. Here I describe one of these host-specific taxa as the new species Synalpheus regalis. The nearly complete lack of cohabitation between S. regalis and other shrimp species within in-I dividual sponges, and the total absence of unoccupied sponges at the type locality, : suggest that competition for habitable space is intense, and that competitive exclusion may contribute to the narrow host range typical of sponge-dwelling species of Synalpheus.
MATERIALS AND METHODS
Live shrimp were obtained from the internal canals of sponges, collected using SCUBA. Sponges were taken from the outer reef ridge at Carrie Bow Cay, Belize (16'48'N. 88"05'W) . Over 30 colonies of shrimp (i.e., samples from individual sponges) were removed from sponges, preserved in -10% Formalin in sea water, and later transferred to 70% ethanol for storage. Carapace length (from base of rostrum to posteromedial margin of carapace) was measured using an ocular micrometer. For other measured structures, where a single value is reported, it is based on the male paratype (USNM 280093); where a range of values is reported, they are from the series of 35 specimens previously measured (i.e., S. "rarhbunae C"; Duffy, in press a). Shrimps were dissected in 70% ethanol, and drawings were made with the aid of a camera lucida. Appendages were mounted temporarily in glycerin: 70% ethanol (1: 1) on slides for examination and drawing under a compound microscope.
Family Alpheidae Rafinesque, 18 15
Genus Synalpheus Bate, 1888 Synalpheus regalis, new species
Figs. 1-5
Synalpheus "rarhbunae C"-Duffy, in press a.
Material Examined.-All specimens were taken by divers from the demosponges Xestospongia cf. subtriangularis (Duchassaing) and Hyatrella intestinalis (Lamarck) growing among the branches of the coral Madracis mirabilis (Duchaissaing and Michelotti) Description.-Small, smooth, compact alpheid, subcylindrical in body form. Rostrum (Figs. la, 2a) slender, approximately equal in length to ocular hoods, falling well short of distal margin of first segment of antennular peduncle, slightly upturned distally, ventral surface weakly convex but lacking orbitorostral process. Ocular hoods bluntly triangular, well separated from rostrum.
Pleuron of first abdominal somite of male ( Fig. lb) with acute, ventrally directed tooth at posteroventral corner; second pleuron with slightly concave ventral margin terminating in weakly to moderately protruding angle at posteroventral comer; third through fifth pleura each with ventral margin produced into blunt to obscure point; sixth with acute point between posteroventral angle and posterolateral angle. All pleura of female ( Fig. 2b ) with ventral margins broadly rounded. Telson (Fig. Ic) broadly triangular; anterior width about 3 times posterior width; lateral margins slightly concave in posterior third; dorsal surface bearing 2 pairs of stout spines, 1 pair situated slightly anterior, other posterior, to midlength of segment; posterior margin armed with 2 pairs of spines, mesial pair averaging about 1.5 times longer than lateral pair; posterior margin between mesial spines bearing 2 pairs of dorsally directed simple setae and 2 posteriorly directed plumose setae.
Stylocerite (Figs. la, 2a) of antennular peduncle acutely triangular, overreaching rostrum and extending from 0.75 of length to nearly distal margin of first segment of antennular peduncle. Segments of antennular peduncle stout, first (visible portion) and second subequal in length and slightly longer than third.
Antenna1 scale (scaphocerite, Figs. la, 2a) slender, reaching to between proximal and distal margin of third segment of antennular peduncle, blade completely lacking. Basal antennal segment (basicerite) armed dorsally with stout spine, extending at least one-third length of lateral spine; lateral spine stout, extending to between proximal and distal margins of second segment of antennular peduncle, 0.5-0.75 of length of scaphocerite. Distal segment of peduncle (carpocerite) about 5 times as long as broad, slightly overreaching antennular peduncle.
Mouthparts as figured. Mandible ( Fig.  3a) with 6 teeth on incisor process, molar process larger than incisor, palp 2-segmented. Palp of first maxilliped (Fig. 3d ) consisting of 2 segments. Third maxilliped (Fig. 3f) overreaching antennal peduncle by about half length of distal segment, terminating in circlet of 7-9 spines, exopod reaching to or slightly beyond distal margin of antepenultimate segment.
Major first pereiopod (Figs. 4a, b, 2c, d) overreaching antennal peduncle by all but most proximal part of chela; chela subcylindrical, somewhat inflated proximally, 2.5-2.7 times as long as broad, 1-1.4 times carapace length in males, about 0.8 of carapace length in females; palm terminating dorsodistally in prominent, anteriorly directed, rounded tubercle bearing small secondary spine, often reduced to obscure bump, on its distoventral face; fingers about three-eighths as long as palm, dactyl overreaching fixed finger; carpus short and broad; merus more than half as long as palm, extensor margin lacking strongly produced distal tooth. Minor first pereiopod (Fig. 4c) overreaching antennal peduncle by most or all of length of chela; chela about 2.5 times as long as broad, palm cylindrical to slightly swollen centrally, fingers simple, their opposable margins developed as thin, obliquely curved blades; extensor surface of dactyl bearing numerous transverse rows of curved setae forming dense setal brush; carpus about half as long as chela; merus more than 3 times as long as wide.
Second pereiopod (Fig. 4d ) overreaching antennal peduncle by length of chela, fingers more than 1.5 times as long as palm, slender and tapering to weakly hooked tips, fixed finger with slight constriction proximal to tip (Fig. 4e) , both fingers bearing dense groups of setae. Carpus roughly 1.5 times as long as chela, composed of 4 articles with relative lengths about 4: 1: 1:2, proximal segment longest. Merus approxi- mately equal in length to carpus and about 1.5 times as long as ischium.
Third to fifth pereiopods (Fig. 5 ) similar in length and structure, relatively stout, biunguiculate; dactyl with tooth on flexor margin projecting at roughly right angle to axis of segment, slightly shorter and wider at base than terminal tooth. Third pereiopod (Fig. 5a, d ) reaching approximately to distal margin of antennal peduncle; propodus more than 4 times as long as wide, flexor margin armed with 5 or 6 movable spines spaced evenly along its length as well as distal pair of movable spines, both flexor and extensor margins bearing several long, simple setae; carpus about 0.6 as long as propodus, extensor margin bearing well-developed distal lobe, flexor margin with movable spine at distal end; merus unarmed, about 1.5 times as long as propodus; coxa with tubercle bearing short, stout spine near distal end of flexor margin. Fourth pereiopod (Fig. 5b, e ) similar to third but slightly shorter, extending to around midpoint of carpocerite. Fifth pereiopod (Fig.  5c, f ) reaching approximately to anterolatera1 margin of carapace at antennal sinus; propodus somewhat less than 4 times as long as wide, flexor margin armed with pair of movable spines at distal margin, 3 movable spines along length of segment, and 4 transverse rows of stout sermlate setae in distal half of segment; extensor margin with several long simple setae; carpus unarmed, about three-fourths as long as propodus; coxa lacking spine on distal part of flexor margin.
Male first pleopod ( Fig. Id) with small endopod, about 0.4 of exopod length, bearing 3 simple setae distally. Male second pleopod ( Fig. le) with endopod subequal in size to exopod; appendix masculina lacking; appendix interna arising at about 0.36 of endopod length, about 0.36 as long as 0.5 mm (a-e) endopod, with about 5 short curled setae (concinnuli).
Uropod lateral branch ( Fig. lc) with 2-4 (commonly 3) fixed teeth along margin proximal to movable spine, and single tooth distal to movable spine; lacking transverse articulation.
Eggs (Fig. 2b) rather large, 0.81-0.96 mm in length (mean = 0.87, N = 9).
Variation.-Species of Symlpheus are notorious for their morphological variability (Coutibre, 1909; Chace, 1972; Banner and Banner, 1975; Christofferson, 1979; Dardeau, 1984) and S. regalis is no exception. For nearly every structure measured, a few individuals fell outside the range of values reported here. In the series of 35 specimens (5 or 6 from each of 6 sponges) measured (see also Duffy, in press a), for example, the ratio of carpuslchela length on the minor first pereiopod ranged from 0.41-0.54, with a mean of 0.48; the length of the merus of the minor first pereiopod divided by its width ranged from 2.76-3.95, with a mean of 3.32; the mean number of fixed teeth on the outer ramus of the uropods ranged from 2-4 with a mean of 3.0. Some of this variation was partitioned among local "colonies" inhabiting individual sponges (Duffy, in press a), but there was also considerable variation among individuals inhabiting the same sponge (as reported by Dardeau, 1984 , for species of Synalpheus generally).
Color in Life.-Overall color of body faint translucent orange; sparse red chromatophores concentrated in facial region of carapace (between and lateral to eyes), and surrounding gut through abdomen; distal palm and fingers of major chela bright or- ange to brown-orange due to concentration females 2.6-3.7; males and juveniles to 2.8 of pigment in thickened cuticle; ovaries and (males and juveniles are not clearly distineggs pale green.
guished by any external morphological criSize (carapace length in mm).-Ovigerous teria). Synalpheus regalis is a member of Coutihre's (1909) gambarelloides (formerly "laevimanus") group, characterized by a dense brush of setae on the dactyl of the minor first chela. More specifically, S. regalis is one of a group of morphologically very similar species, including S. rathbunae Couti&re, 1909, S. jilidigitus Armstrong, 1949 , and at least one other undescribed species (S. "rathbunae A", Duffy, in press a), collectively characterized by a dorsally spinous first antenna1 segment (basicerite), 4-segmented carpus of the second pereiopod, and minor first chela with simple fingers. Synalpheus regalis may be distinguished from S. rathbunae by the more acutely produced abdominal pleura, the lack of secondary armature on the palmar tubercle of the major chela, and fewer fixed teeth (usually 1 or 2) on the outer branch of the uropod in the latter species. Compared with S. regalis, S. jilidigitus has a relatively longer scaphocerite, which clearly exceeds the antennular peduncle; a broadly rounded second abdominal pleuron in males; acutely produced, filiform fingers on the second pair of chelipeds; and a small number (1 or 2) of fixed uropod teeth. Despite the rather subtle morphological characters distinguishing these species, allozyme analyses show that they are quite distinct genetically, and clearly different biological species (Duffy, in press a) .
Like virtually all members of the gambarelloides group for which sufficient data exist (Dardeau, 1984; Duffy, 1992; Duffy, in press a), S. regalis is found exclusively in association with living sponges. Furthermore, like most of its congeners, S. regalis uses only a fraction of the host species available in its habitat. Of at least 21 species of sponges found to harbor shrimps in the vicinity of Carrie Bow Cay (J. E. Duffy, unpublished data), S. regalis was found only in Xestospongia cf. subtriangularis and Hyattella intestinalis, and was common only in the first of these ( Table 1 ). The reasons for such specificity remain enigmatic. Although the host sponge obviously provides habitat for its shrimp guests, the nature of the relationship, and particularly the trophic interaction, between the two species is otherwise obscure. Examination of stomach contents from five species of Synalpheus in Caribbean Panama (J. E. Duffy, unpublished observations) revealed that the majority of the contents in all species comprised a mixture of unidentifiable flocculent material (probably detritus) and diatom fragments, although sponge spicules were present in stomachs of most species, and common in some. Riitzler (1976) and Erdman and Blake (1987) also reported finding sponge skeletal elements in the stomachs of symbiotic species of Synalpheus, although their quantitative importance was not estimated. Although these observations are too limited to draw general conclusion:^, it appears that many sponge-dwelling species of Synalpheus probably feed partly on host tissue, and partly by scavenging material, drawn in by the feeding currents of the sponge from the walls of the aquiferous canals in which they live. It thus remains uncertain whether the shrimps are closer to the parasitic or commensal end of the spectrum, and thus whether host nutritional quality is likely to explain their characteristically narrow host preference.
On the other hand, patterns of shrimp distribution and behavior implicate a significant role for interspecific competition in determining host range. First, the two sponge species used by S. regalis as hosts were invariably occupied in the field, either by S. regalis or other shrimp species or both (Table l), suggesting that available habitat is saturated at this site. Second, despite the saturation of available sponges, there were few instances of cohabitation (59% of sampled sponges) between S. regalis and other shrimp species (Table 1) . The frequency of cohabitation tends to overestimate the degree of overlap between shrimp species. In those few cases where S. regalis co-occurred with other shrimps (in two specimens of H. intestinalis and three specimens of X. cf. subtriangularis), the other species was represented by 5 4 individual shrimps. In contrast, specimens of these sponges that lacked S. regalis frequently supported several dozen shrimps of the other species. Such mutually exclusive distributions of shrimps among individual sponges are reminiscent of the similar partitioning of host species by closely related shrimp species (Duffy, 1992 , in press a), and suggest that competition among shrimp for living space within sponges may be severe. The likely importance of interspecific competition in producing these patterns is further supported by behavioral experiments showing that sponge-dwelling Synalpheus are extremely aggressive toward heterospecific individuals, sometimes even battling to the death (Duffy, 1996, in press b) . Since body sizes of sympatric shrimp species tend to match the canal widths of their host sponges (Duffy, 1992) , the characteristically narrow range of hosts used by sponge-dwelling Synalpheus may be dictated in part by the size of sponge canals that shrimps are able to defend effectively. A definitive resolution of this issue will have to wait, however, for experimental tests of the relationships between body size, competitive ability, and host range. 
